Ethnopharmacological relevance: Respiratory tract diseases, including mild troubles, such as the common cold, and also life-threatening ones such as bacterial pneumonia and lung cancer, are very important in terms of mortality, incidence, prevalence and costs. Classical medicine has undoubtedly addressed these illnesses, but the body of 1 This is an Accepted Manuscript of an article published in Journal of Ethnopharmacology on 9 july 2013, available online:
Introduction
"Respiratory tract diseases" is a medical term that encompasses pathological conditions affecting the air passages, including the nasal passages, the bronchi and the lungs. These health troubles range from acute infections, such as pneumonia and bronchitis, to chronic conditions such as asthma and chronic obstructive pulmonary disease (COPD) and include unspecific symptoms such as dyspnea. The most common respiratory diseases are mild and self-limiting, such as the common cold, but some are life-threatening, like bacterial pneumonia, pulmonary embolism, and lung cancer. Respiratory diseases are second to cardiovascular conditions in terms of mortality, incidence, prevalence and costs. The biggest contributors to respiratory death in Europe are lung cancer, pneumonia and chronic obstructive pulmonary disease. Worldwide, hundreds of millions of people suffer every day from chronic respiratory ill-health. According to WHO global estimates, 300 million people suffer asthma, 210 million people have COPD, while millions more show allergic rhinitis and other, often under-diagnosed, chronic respiratory conditions (European Respiratory Society, 2010) .
In this study, we focused on the infectious diseases, but have also collected data for all the respiratory illnesses. Pneumonia is an inflammation of the lungs caused by an infection by bacteria, viruses or fungi, and producing fever, cough and breathing difficulties (Casassas, 1990) . Usually, a physical examination can determine if a patient has pneumonia, which is relatively frequent. The annual incidence rate is 6/1000 in the 18-39 age group and this rises to 34/1000 in people aged 75 years and over (Hoare and Lim, 2006) . Nowadays, antibiotic agents constitute the common treatment for bacterial pneumonia, but in the last two centuries, especially before the use of antibiotics, several remedies were used to treat pneumonias and related disorders. Other diseases commonly treated with traditional remedies are asthma, bronchitis and unspecific symptoms such as breathlessness (dyspnea). In the recent past, the non-serious respiratory troubles such as common colds, influenza or sore throat, among others, were usually treated with remedies mostly based on plants while, when the pneumonia or pleuritis symptoms were recognised, a specialist was needed and more complicated and strange therapies were used in our geographical area. Nowadays, alternative medicine is only used in common respiratory infectious diseases, and the more severe ailments are treated in hospital.
Phytotherapy has always provided efficient remedies for chronic and moderate health troubles and sometimes for acute and severe disorders (see, among others, Shoskes, 2002; Santos-Neto et al., 2006; Sureshkumar, 2012) . Ethnobotany and ethnopharmacology have proved themselves as relevant approaches to establish folk medicinal knowledge in the different territories or ethnic groups, this being useful in drug design and discovery (Heinrich and Gibbons, 2001; Lewis, 2003) . The abovementioned ethnopharmacological work deals with a high number of popularlyemployed medicinal plants, and highlights uses that can constitute good complements to conventional or allopathic medicine and their palliative properties.
Respiratory disorders constitute the second group in order of importance mentioned by the informants in previous studies carried out in the Iberian peninsula and other Mediterranean regions (Rigat et al., 2006 (Rigat et al., , 2007 Parada et al., 2009, and references therein). The most common remedies include plants with several administration forms (aerosols, cigarettes, poultices, smokes, tisanes, etc.) but other recipes involve animal and mineral products as well (Bonet and Vallès, 2006; Rigat et al., 2006; Parada, 2007; Agelet, 2008; Vallès, 2007) . In addition, some of these recipes involve oils and ointments, which were elaborated and sold elsewhere in the Pyrenees by the women called "trementinaires", a Catalan name coming from "trementina", turpentine (Frigolé, 2007) . Some of these remedies, oddly enough, have been used for years and should have some scientific basis worth investigating, while others could be included within the category of ritual.
Taking into account the incidence of respiratory ailments and the vigour of folk knowledge on plant uses in the Catalan Pyrenees, the objective of this work is to know and understand the plants and other remedies used in the treatment of such diseases by people inhabiting the eastern part of the mentioned area, complemented with data contained in some available historical documents from the same territory (provided by an informant) and to contribute towards possible new drugs and preparations from natural sources.
Material and methods

Studied area
The studied area is the district ("comarca" in Catalan, the informants' language)
of Ripollès, situated in the eastern Pyrenees (Catalonia, Iberian Peninsula), and comprises three valleys: the river Ter valley, the river Freser valley and the Baix Ripollès (Fig. 1) . The Northern part belonging to the axial Pyrenees has several peaks of almost 3000 m. Concordantly with this, the weather is typical of high mountain areas, with cold winters (mean temperature around 10.6 ºC) and a mean annual precipitation of 1487.2 mm (data corresponding to 2011, www.idescat.cat), although softened by the proximity of the Mediterranean Sea. Landscape is basically alpine and subalpine (Vigo, 2010 consumption. In the past, conventional medicine was not easily accessible for these people, and the use of plants or other natural resources was necessary in order to survive in the extreme conditions. Nowadays, official health care service reaches everybody in the region, but traditional practices seem to remain active to some extent.
Respiratory ailments used to have a high incidence in the studied area. In one of its three valleys (high river Ter valley), data from the period 1900 -1924 (Sau, 1928 show 895 cases of death due to these ailments (influenza 48, diphtheria and croup 79, pulmonary tuberculosis 129, acute and chronic bronchitis 167, pneumonia 472) in a population of 5786, this being, together with heart diseases, the main cause of mortality.
This high incidence leads us to suppose a considerable body of acquired knowledge among these people in order to combat such illnesses.
Interviews
We used semi-structured interviews (Pujadas et al., 2004) as a tool for obtaining information from our participants, avoiding too-direct questions in order not to influence people's answers. The interviews, which were practised and recorded after informing the informants on their purposes and receiving their consent, were performed from August 2004 to October 2012. Native people, mostly the elderly, who were selected on a snowball basis (Goodman, 1961) , were interviewed in the Catalan language, common to interviewers and interviewees, the interviews being transcribed and the data compiled in the online database of our research group. The cited plants were identified using Bolòs et al. (2005) 
Results and discussion
The results obtained are summarized in Tables 1 and 2 . Table 1 presents the information regarding plants and plant products, which are, by far, the majority. Table 2 includes a much lower, though equally relevant, data set on animals and their products as well as on mineral remedies.
Plant taxa and reported uses
Ninety nine plant taxa corresponding to 94 species, 85 genera and 50 families have been used in the traditional medicine against respiratory disorders in the studied area ( (Bolòs et al., 2005) . The Pinaceae are not so relevant in terms of number of taxa, but have some landscape-dominant species in the studied area. Finally, the two remaining families comprise some taxa present in abundance in the local flora.
Several authors have cited an observed correlation between plant uses and availability or proximity (Bonet and Vallès, 2003; Parada et al., 2009; Carrió and Vallès, 2012 , and references therein).
Respiratory disorders treated
The present results could be somehow biased if we strictly focus on pneumonia, because of the difficulties in distinguishing this illness from some related respiratory diseases, and also due to the descriptions provided by the informants, usually referring to some not clearly identified lung troubles. This is why we have addressed in this paper all treatments related to the respiratory system. These uses are relevant in folk medicine, accumulating a high percentage of citation in several studies in very different parts of the World (Disengomoka and Delaveau, 1983; Said et al., 2002; Pieroni and Quave, 2005; Parada, 2007; González et al., 2010; Cakilcioglu et al., 2011) . In the present study, the obtained results for the respiratory tract diseases treated with plants have also been numerous (Table 1 and Fig. 2 ). Anticatarrhal (58%) is the most cited use followed by the uses for sore throat (11%) and antitussive (10%). These kinds of troubles are quite common in the studied area due to its cold climate, but they do not constitute very serious disorders. Both features (the prevalence and the mildness of these illnesses) make it easy to treat these troubles or symptoms with plant remedies, and several plants (see Table 1 ) are used as coadjuvants in the treatment of these diseases. Plant uses for the more serious illnesses, such as tuberculosis, pneumonia, asthma or pleuritis, are scarcely cited, and the remedies are usually more sophisticated, sometimes even bearing a magical component (Table 1 ).
In addition to the above-commented plant availability, a frequent mechanism to select the plants that are to be tested for use in folk medicine is the so-called doctrine or theory of signatures, according to which morphological characteristics of plants would indicate their therapeutic properties (Bennett, 2007) . We found in the present prospection an evidence of its productivity in the citation of Pulmonaria longifolia, used for lung spots. This claimed property to improve pulmonary conditions, which is expressed that way by the informants, could be interpreted based on this theory due to the association of the spots in the lung with the leaves' spots, which are evident in the plant. This is not just the case of a belief or a magical use. In fact, it implies choosing a remedy to be tested (and most probably rejected if its efficacy is not confirmed) based on this morphological association.
Plant parts used, their preparation and administration
The most used parts of plants are flowers and inflorescences (26.63% of UR), followed by flowered aerial parts (17.81%), fruits (including parts of fruit and fruit juice, 12.87%), leaves (11.29%), roots (9.70%), cones (6.35%) and buds (5.82%). The whole plants or the remaining parts of a plant such as bulbs, tubers or seeds among others, represent percentages below 5% of use reports. This agrees with the results in a neighbouring Catalan region (Parada et al., 2009) , but somehow contrasts with other works, in which, frequently, the parts of plant most used are leaves (Carrió and Vallès, 2012; Sharma et al., 2012; Tag et al., 2012) .
Several methods of preparation have been found in our study ( Fig. 3 ), among which tisane is largely the most used (63% of UR), followed by syrup (13%), poultice (6%), tincture (5%) and aerosol (called "bafs" in Catalan; 4%). Regarding the means of administration, internal use (87% of UR) is much more common than external (13%).
The tisane is obtained by a decoction (boiling in water) of different parts of the plant, and usually its administration way is internal. Contrary, the poultice is generally for external use. People believe that it is necessary "to pull the pain out" with a remedy that is able to extract the blood or the liquid from the lung. Sometimes they explain that the poultice was stained with blood after its application. One of the authors (JI), who is a medical doctor, saw many years ago a bloodied poultice after this treatment. We have two possible explanations for this fact. The first one is that the blood comes from an exudate caused in the lung by the toxicity of the microbial agents. The selective permeability of the endotelial wall increases when an inflammatory process occurs, producing an exudate containing a large number of erythrocytes at the same time that a thrombocytopenia takes place. This is difficult to understand, because the blood from the lung would be retained in the pleural space. The second and more plausible explanation is that the blood is produced by an irritation of the surface of the treated area by the ingredients used in the poultice. Flax meal may cause skin irritations, especially if it is not recent (Font, 1961) .
For most methods, plants are the most commonly used agents, but for the poultices, both plants and several remedies of other origins have been collected (see Table 2 and later in the text the subheading on other remedies). The poultices or, simply, rubs have been made with oil in which animal droppings, animal parts or the whole animal were macerated. The wire cloth folded seven or nine times was the traditional method of making a poultice, but other alternatives are also collected for pneumonia treatment such as a hot shoe sole impregnated with oil or clay. One aspect of this use pattern indicates another common trait in ethnobotany, almost as quoted in medical anthropology as the theory of signatures: the dominance of odd numbers (mostly 7 and 9) in folk phytotherapy, here exemplified with nine folds, but often also expressed in terms of number of days of a treatment or number of plant parts -flowers, leaves or others-used to prepare a remedy (Gavilanes, 1995) . Alcohol, oil, vinegar, wine, and other products such as turpentine have been used as excipients.
Quantitative ethnobotany
The species cited with highest number of UR Grand and Wondergem (1987) and Johns et al. (1990) . This may seem a rather poor percentage, but it is comparable to that found in other territories (Parada et al., 2009 , and references therein); in addition, uses quoted by two or only one informant may be the remnants of a formerly more expanded knowledge, now rather precarious due to the acculturation suffered in all industrial societies, among which the considered one. On the other hand, the informant consensus factor (F IC ) is high (0.83 of a maximum of 1, as defined by Trotter and Logan, 1986) , indicating a high degree of agreement in the treatment of respiratory diseases in the area studied. This value is similar to the previous ones obtained in the high river Ter valley for total medicinal uses (0.87; Rigat et al., 2007 ) and higher than the values for this factor found in Mallorca (0.71; Carrió and Vallès, 2012) and those reported from Mexican areas (0.75 and 0.79; Heinrich et al., 1998; Leonti et al., 2001) . In a neighbouring territory, Alt Empordà, the general consensus factor is higher (0.91), but that concerning respiratory ailments is considerably lower (0.62) than in the present work (Parada et al., 2009 ). These high consensus results encourage deeper pharmacological studies on this subject in the sampled area.
The medicinal importance indexes (MI) for all the respiratory troubles are summarized in Fig. 2 . According to this index, the anticatarrhal (5.27), antitussive (2.80) and for sore throat (2.48) are the most valuable uses. No data are available to make comparisons for each disease. All these data together clearly account for a high reliability of the data recorded.
Other remedies
During our ethnobotanical prospection, the informants often referred to nonplant organisms or products (Table 2) ; this was not at all as frequent as were the quotations on plants and their derivatives, but informative enough to be reported here.
That way, this is the first scientific paper on folk medicine in the Catalan linguistic area contributing ethnobotanical, ethnozoological and ethnomineralogical data. Only a very few works on Iberian ethnobiology have reported to date zoological information (Benítez, 2011 , and references therein).
Concerning animals, only two out of the 14 taxa claimed to be useful for respiratory diseases by our informants were quoted with similar purposes (for colds) by Benítez (2011) : Apis mellifera and Rhinechis scalaris (Elaphe scalaris), the second one named as Elaphe and not determined at specific level in the work quoted. Three more taxa are coincidental with the mentioned paper, but not with uses related to respiratory troubles, and the remaining eight taxa are not present in Benítez (2011) . Taking into account that this paper covers all areas of animal uses, this comparison indicates that our information on this field is important.
As for mineral products, the report by two informants of an antipneumonic poultice based on clay is particularly remarkable. At present, mineral products are very scarcely cited in ethnopharmacological works and, in addition, this is not the more widely known medicinal property of clay. Clay use for pharmaceutical purposes has a very long tradition, extending at least from Roman times, where the so-called Armenian ball -a remedy that has reached our days-was basically employed as an astringent, but had also been claimed as "good for the humours distilled by lungs" (Bech, 1987, and references therein; Casassas et al., 1990) .
Concluding remarks
The present study is the first one in the Catalan territories to focus on respiratory tract diseases. Semi-structured interviews were conducted and obtained results were supplemented with information from old and unpublished documents (belonging to one informant) in order to preserve the folk knowledge on folk medicine, focused on respiratory ailments. . The data collected show a high degree of consistency and indicate a remarkable persistence of folk knowledge on plant uses. This is the first step in pharmaceutical bioprospection, which has contributed sufficient data of a reliable nature. These data may be the starting point for further research aimed at obtaining products that may generalise the alternative medical uses here considered at a local level. Phytochemical and pharmacological studies on some of the plants quoted here -of which we could provide material to potentially interested researchers-would be useful first steps in this process. 
